Megaprojects usually involve an alarmingly large number of stakeholders that form a complicated social network and lead to significant relationship risks to client/owners. erefore, it is necessary to carry out megaproject risk management from a sociological point of view. Based on a case study of the Zhuhai Port, which connects Hong Kong, Zhuhai, and Macao, this paper analyzes the relationship risk between stakeholders and corresponding risk management strategies using social network analysis (SNA). e findings show that stakeholders with a lower density and higher centrality in the network have comparatively a lower relationship risk. Different stakeholders should choose appropriate partners to improve their centrality, reduce the network density to increase their ability to access resources, and enhance their influence and independence in the network. For megaproject client/owners, identifying and monitoring key stakeholders is the key to effective relationship risk governance. e findings provide a number of practical implications for relationship risk management and further demonstrate the importance of stakeholder teamwork, particularly for megaprojects.
Introduction
Megaprojects are large-scale, complex infrastructure projects [1] that are defined broadly as projects that transform landscapes rapidly, intentionally, and profoundly in a very visible way and require the coordinated application of capital and state power [2] . eir fundamental purposes are to ensure national security, increase economic development, improve people's lives, and promote social progress [3] . ey are characterized by complexity, uncertainty, ambiguity, dynamic interfaces, and significant political or external influences [4, 5] . e delivery of megaprojects involves various stakeholders and usually requires interregional and multiagent cooperation. ese stakeholders play different roles and undertake different responsibilities and obligations, forming a complex social network. is characteristic reflects the social attributes of megaprojects, which is one of the important reasons for their complexity [6] . e social attributes of megaprojects, as a result, lead to significant relationship risks, which is the product of dynamic interaction between stakeholders [7] . e project stakeholders' position in the project social network and their interaction have an important influence on the realization of the expected yields; this "influence" is defined as the relationship risk [7] . Previous research on project governance mainly focuses on control and trust as the main mechanism of governance [8, 9] ; in fact, the relationship between project subjects is a breakthrough. e relationship between stakeholders is very important for project governance, and it is necessary for the risk management of megaprojects to be carried out from a sociological perspective. However, traditional methods of risk management pay more attention to technological issues, ignoring the dynamic interactions between stakeholders, paying more attention to project "attribute" risks, and rarely involving the study of stakeholder relationship risks [7] .
Relational governance is critical to project success [10] , and stakeholder-oriented project governance is the success factor of the project, so great attention should be paid to stakeholders in the project governance [11] , especially the role of the government because the government is positively correlated with the success of the project [8] . Social network analysis (SNA) is often used to test human relationships [12] . It can quantify the abstract relationship between stakeholders [13] , reveal the interactions between actors [14] , identify relationship risks in projects [15] , explore the most important social risks of high-density urban construction projects by using the method of improving social network [16] , and facilitate the adoption of risk management measures based on the network characteristics [7] . As a result, there is an increasing amount of research into SNA applications in construction project management. However, SNA has been barely applied to risk management to date, especially the management of relationship risks between the stakeholders of major projects.
Taking the Zhuhai Port project of the Hong Kong-Zhuhai-Macao Bridge as a case, this study aims to address the relationship risks in megaprojects using various indexes of the SNA approach. e specific objectives are (1) to analyze the relational structure and mutual influences among various stakeholders involved, (2) to identify potential risks and feasible solutions, and (3) to develop corresponding risk management strategies from different perspectives. e results identify the practical implications of megaproject risk management and enrich the understanding of their relationships governed. e remainder of this paper is structured as follows: Section 2 presents a comprehensive literature review, followed by a detailed elaboration of the research methods in Section 3, including data collection, modeling, and selecting relevant indicators. Section 4 analyzes the results of using the social network indicators. Section 5 analyzes potential risks and discusses effective strategies, and Section 6 provides a summary of the study and proposes corresponding suggestions from different perspectives.
Literature Review of SNA
SNA is a method used by sociologists to analyze the structural characteristics of the relationships between social actors [17] . e network consists of nodes and connecting lines. e nodes can be individuals, organizations, or other social entities, and the lines between nodes refer to the interactions between individuals sharing experiences, resources, or information. e project, which is a network formed by various stakeholders and their interactions, has the characteristics of a social network [18] . e success of the project stems not only from the optimum plan, efficient allocation of resources, and utilization of control functions but also from a high-performance team, where the project participants communicate, exchange information, cooperate, etc. to complete the whole project efficiently and effectively [19] . Moreover, megaproject social networks are highly complex because of the large number of participants involved and great impact on society. e SNA method of using graph theory and the matrix format to depict and assess the characteristics of the interrelations between actors [20] and to examine how relationship structures influence behaviors, SNA metrics, and concepts applied in complex-project-management research can be classified into four categories, depending on the role of each in the network: formation mechanisms of a network, centrality, connectedness of a network, and network topology [21] . e method is concerned with the "structure and patterning" of these relationships over time and seeks to identify both their causes and effects [22] . As Winter et al. [23] showed, SNA is an important method for analyzing the structure and relationship between stakeholders in a relational network. Badi and Diamantidou [24] using SNA identified, quantified, analyzed, and visualized the relationship of main stakeholder groups [24] . Cai et al. [25] revealed the relationship between the social structure and employees by using SNA [25] . Furthermore, it can help identify potential project threats [26] , provide an effective means of coping with possible risks in complex projects, and improve project performance through such flexible management aspects as trust and cooperation [27] .
SNA was first introduced for construction project management in as recently as the 1990s. It was mainly used by Loosemore [28] , Hossain [29] , and Ding and Liu [30] to study the individual relationships at the project level and by Soda et al. [31] , Pryke [32] , and Yongkui et al. [33] to study the relationship governance between construction enterprises at the industry level. Taylor et al. [34] combined BIM with social network theory in the belief that, in addition to focusing on technical interflow between different professionals, the application of BIM in the field of engineering construction should pay attention to information exchange between the organizations in the network. Nelon et al. [35] used a social network analysis (SNA) to assess the quality and strength of relationships between project participants. Badi et al. [36] showed the organizational communication relationship between project participants through the measurement index of SNA, while Liu [37] combined SNA with kinetic theory for the dynamic analysis of network governance.
Of the very limited studies applying SNA to risk management, Loosemore [28] used SNA to complement quantitative techniques and explore construction crisis management. is involved using tabu fractional data to measure the degree of communication and contact between members of the entire network and centrality to measure the degree of mastery of information to help in understanding and providing explanations of people's changing social roles, positions, and behaviors during the course of a construction project. Content analysis was also used to determine the reliability of the results concerning the SNA-based analysis of participants' behavior. In another study, Loosemore [38] used SNA to analyze project risks caused by the misalignment of power and responsibilities of construction project participants. Aaltonen et al. [39] analyzed the relationship between the actors in the network using SNA, pointing out that the organization with high centrality in the network is at the core of the network, can control the flow of project information, and can affect the behavior of other actors. Yuan [40] used SNA to analyze the risk management organization of subway construction projects and analyzed the network density and concentration of the social network structure of subway construction projects from two aspects: the 2
Advances in Civil Engineering whole network and the individual network. More recently, Lingard et al. [41] used SNA to study 13 cases from 10 construction projects in Australia/New Zealand to (1) compare the characteristics of the contractors' social networks in terms of network density (the ratio of actual links between participants in the project network relative to the maximum number of links possible) and (2) measure the degree centrality (the extent to which the contractor communicated with other parties), pointing out that the contractor's involvement in the planning and design phases of construction can reduce its own risk. erefore, social network analysis (SNA) is applicable to evaluating governance networks formed by stakeholders and their relationships [42] . e SNA node's position in the network can be used to judge its power and influence and limitation of stakeholders, and the SNA network density index studies the relationship between stakeholders and identifies potential risks and feasible solutions by means of SNA indicators. In general, the social network analysis method is suitable for the study of relationship risks in project management.
Research Methods
Case studies provide an effective tool for analyzing complex and specific problems in real life. As risk management based on SNA is not mature at present, one such case study was conducted to apply SNA for in-depth examination of the interactions between stakeholders in megaprojects and the resulting relationship risks. e case selection was not random but based on theoretical/selective sampling [43] , with the Zhuhai Port project chosen because of numerous stakeholders involved with complex interactions bringing great challenges to the coordination and management of the project.
Variable Measurement.
e network is a collection of nodes and their relationships, and the social network is a collection of social actors as nodes and their relationships. e method of social network analysis mainly uses graph theory and matrix to construct the mathematical model of the social network. e value of the relational data between nodes can be binomial, in which "0" represents no relationship between two nodes and "1" represents the relationship between two nodes [44] . SNA places even greater emphasis on the network ties than the nodes' characteristics [45] ; it can also be weighted value, which represents the strength of the relationship between two nodes. In addition, the relationships can be divided into directed and undirected according to whether the directionality of the relationship between nodes is taken into account.
e social responsibility network of megaprojects is a set of stakeholders and their relationships. In this paper, each node represents the project stakeholders separately, and the relationship between the nodes is measured by the degree of mutual influence. Because the degree of influence between the stakeholders is unequal and the degree of influence is different, this study adopts "directed-weighted links" to express the "relationship."
Density.
is value is used to measure the tightness of nodes. It represents the proportion of relationships that actually exist in the network to the largest number of possible relationships. For example, the density of the social network is 1, which indicates that there are connections between any two nodes in the network; if the density is 0, it means that any node exists independently. e greater the density of the network, the more the links and the more the contacts among stakeholders, which shows that the relevant entities are more constrained by other entities. But for the whole social network, it is conducive to stabilizing the regulatory relationship between stakeholders.
In this paper, we use the experience of predecessors to calculate the network density by using the multidegree method. e formula for density calculation is as follows:
where N and L refer, respectively, to the number of stakeholders and links.
Centrality.
Centrality is an attribute used to measure the degree of individual relevance. e position of a node in the network can be used to judge the degree of its power and the influence and limitation of the stakeholders. It includes the degree centrality, betweenness centrality, and closeness centrality. Degree centrality refers to "the number of direct contacts with a certain node," which reflects whether a relevant party has close trading links in the network. Betweenness centrality is defined as that "losing this node, the connection between nodes will be lost," which reflects the extent to which an entity can act as the intermediary of other entities to measure the degree of control of resource information by a relevant party. Closeness centrality is the "distance level between nodes," which reflects the impact of one entity on another entity, and is used to express the ability of information and resource sharing among groups. ese three attributes can be calculated and analyzed by means of quantification. e formulas for calculating the three centralities are as follows:
where g jk indicates the number of shortcuts between the point j and the point k and g jk (n i ) refers to the number of shortcuts between two correlators including the correlator n i .
Closeness centrality :
where d(n i , n j ) refers to the geodesic distance between the node n i and the node n j .
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Case Information.
Zhuhai Port is a national key project linking Hong Kong, Zhuhai, and Macau. It is also a megaproject under the coexistence of two different political systems and has a profound effect on the economic and social integration of the three areas.
With an estimated cost of approximately CNY 5 billion and total construction area of about 480,000 m 2 (including ground and underground construction areas), the project is divided into four construction sections. e project started on December 31, 2013, and was scheduled to be completed by the end of December 2016. However, it was postponed for a year, and the official completion date is March 30, 2018. e stakeholders involved in the project include departments and units directly involved in the construction of the project, customs, frontier inspection, national inspection, and Quarantine Bureau. e agent construction system is being used, involving the three local governments, construction agent units, supervisors, designers, general contractors, and subcontractors. As the main investors, the Zhuhai municipal government and the Guangdong provincial government are essentially the owners.
e Hong Kong-Zhuhai-Macao Bridge Zhuhai Port Leadership Coordination Management Office (Bridge Office) plays a supervisory and coordination role, and the GREE Hong Kong-Zhuhai-Macau Bridge Project Management Company has been entrusted by the government to act as an agent for the construction and operation. e stakeholders at various stages of the project are summarized in Table 1 .
From the above, we can find that there are many different companies for the same kind of stakeholders. In subsequent data collection and network model construction, companies belonging to the same kind of stakeholders are considered a kind of stakeholder group.
Data Collection.
e network nodes (stakeholders in the network) were first identified through interviews by snowball sampling, in which we started with small network actors who were asked to nominate other participants with a specific relationship. Similarly, the participants nominated were asked to nominate other actors until no new person was mentioned [46] . e final choice of the stakeholders included Guangdong and Zhuhai government officials, agent construction units, contractors, suppliers, supervisors, designers, scientific research (technical department), public facility (relevant) management departments, financial institutions, consultant, and operation department.
A questionnaire survey was then used to collect data for an in-depth analysis of the interactions between stakeholders. is involved respondents scoring the relationship between the stakeholders from a directed weighted graph from 0 (no impact) to 3 (large impact). 130 questionnaires were dispatched, and 104 responses were received, of which 6 were deemed invalid.
According to Table 1 , it can be seen that the same stakeholder group in the project may be involved in different corporates (e.g., four contractors), and this study regards them as a whole stakeholder group (e.g., the four contractors are represented by the node "contractor"). Considering that data of a node from different organizations may lead to data deviation because of interorganizational differences, the cognitive differences of different corporates with the same role are analyzed first after data recovery. After confirming that there is no significant interorganizational difference, the data are merged into the same group.
Furthermore, the respondents' backgrounds were diverse, comprising governments (9), construction agent units (16) , contractors (28) , suppliers (7) , supervisors (13), designers (14) , and others (11) . Based on the sample size of each group, the average value of each group represents the final marking matrix of the group, where X i represents the final marking matrix of the stakeholder group i. Each matrix X i was then modified by an adjustment coefficient β i before adding all the correction matrices to obtain the final marking matrix X. e specific calculation formulas are as follows:
where N represents the number of stakeholder groups (7 in this study), n represents the total number of samples, that is, the valid number of questionnaires (98 in this study), and n i represents the sample number of the stakeholder group i.
Results and Analysis
4.1. Establishment of the SNA Model. e adjacency matrix of stakeholders of the Zhuhai Port project was established based on statistical analysis of the questionnaire survey data ( Table 2) .
Based on the matrix diagram, the social network diagram of the project is obtained with the NetDraw software, as shown in Figure 1 . e network is a directed weighted graph, where each node in the graph represents the stakeholders involved in the project and the directed arrow is weighted to indicate the direction and degree of connection with each other.
Indices of network density and centrality were adopted to quantify the relationships between stakeholders.
Analysis Based on SNA.
Using the UCINET software, the values of each node's related parameters are shown in Table 3 , with an overall network density Δ of 0.8182 and a standard deviation of 1.0373.
Density Analysis.
Density expresses the tightness of the links between various stakeholders, defined as the sum of the actual ties divided by the number of possible ties [30] . e greater the overall network density, the stronger the connections and the more the constraints among the agents in the network. e overall density of 0.8182 means the actual relationship in the network accounts for 81.82% of all possible relationships and shows that the overall network density is high, and the connection between stakeholders in the network is close. However, although the members of such a network are more likely to achieve consensus expectations and goals through negotiation and communication, the constraints are high.
Ego density is the ratio of the number of actual relationships to all possible relationships between a point and the other points. It measures tightness of the link between the node and other nodes-the greater the value, the greater the influence of other stakeholders and the greater the degree of being constrained by others. e individual network density results indicate the individual network density of the government and construction agent unit to be the lowest, which means they have greater autonomy and fewer constraints of other stakeholders in the network. In contrast, scientific research institutions, financial institutions, and public facility management departments are largely restricted by other stakeholders, with higher individual network risks.
Centrality Analysis
(1) Degree Centrality. e degree centrality measure is the ability of a node to contact directly the other nodes. A node's in-degree and out-degree centralities represent the degree to which the stakeholder is a receiver or sender, respectively, of the information from or to its neighbor nodes [28] . "Indegree" means the degree of influence by others, and "outdegree" means the ability to control information and influence others. It is worth noting that degree centrality only considers the direct relationship of the subject and reflects the local situation of the network. e out-degree centrality of the government is the largest (70%), followed by the agent construction unit (66.67%). e supplier has the highest indegree centrality (43.33%), followed by the contractor and the designer (40%), which means that these five have close ties with other stakeholders in the network, with greater influence. Among them, the government and agent construction unit are the main influencers, while the supplier and designer belong to the main agent influenced by others. Contractors are in a relatively balanced situation in the network (in-and out-degree are basically the same).
(2) Closeness Centrality and Betweenness Centrality. e closeness centrality is calculated by distance. e greater the value, the closer to others and the stronger the influence. "Outcloseness centrality" refers to the distance from a point to the other points, and the greater the value, the more likely the actor is to control others. "In-closeness centrality" refers to the Be affected by the project and participation in the project to a certain extent Advances in Civil Engineering Advances in Civil Engineering distance from other points to a point, and the larger the value, the greater the degree of constraint of the stakeholder. Betweenness centrality measures the ability of the agent as a medium, that is, he is in an important position between the other two people. If he refuses to be a medium, the mutual influence between the two people will not be transmitted. e range of the indicator is 0-1 (the percentage system is adopted in this paper). e greater the value, the greater the influence of the agent on the relationship between others and the stronger the influence and control ability on others. 0 means that the existence of this agent has no effect on the relationship between any other two actors, and 1 means that the point can control other actors 100%. e government and the construction agent unit have the largest betweenness degree (19.815%), indicating that these stakeholders are at the core position in the social structure, and their ability to control resource information is strong. e government and the construction agent unit also have the largest out-closeness centrality (100%), showing that they have greater influence on others in the process of project governance. e public facility management department has the highest in-closeness centrality (29.412%), indicating its ability to acquire resources is weak and is easily influenced by others.
Taken all together, the government and construction agent unit have a large out-degree centrality, higher betweenness centrality, and higher out-closeness centrality. is implies that the government and the construction agent occupy the core position in the project social relation network, have a greater ability to control resources and information with higher power and influence, and thus have obvious advantages and are key stakeholders. e financial institution, scientific institution, and public facility management department all have similar network characteristics of lower degree (both out-and indegree) and betweenness centrality and lower out-closeness centrality. Overall, these three stakeholders occupy the edge of the network, with their influence and access to information being weak. In fact, they are also not the main participants in construction. e rest of the stakeholders all have a relatively higher degree centrality but a relatively lower betweenness and closeness centrality. eir ability to obtain and control resources is therefore relatively balanced and mainly restricted by the government and construction agent unit.
Relationship Risk Analysis.
From the perspective of a social network, a network structure is formed by the interaction between the stakeholders in the project [47] . Advances in Civil Engineering 7
Stakeholders in different locations in the relational network have different risks [28] . rough the above analysis, the relationship risk in the project is mainly from two aspects: one is influence (power) and the other is restriction. e stakeholders with greater power are more likely to have access to the information and resources they need [48] . Moreover, they even grasp the key resources and information that are necessary for other stakeholders throughout the project. In this case, the unstable sources of resources and information place stakeholders with weaker power in a relatively disadvantageous position [49] . Meanwhile, the degree of closeness to each other determines to some extent the smoothness of information exchange within the organization [7] . Usually, the more frequent the communication, the more transparent the information, which helps to reduce project risks for project managers. However, for individuals that lack the necessary resources and have relative disadvantages (that is, less power), increased transparency means less negotiation advantage, and more attention will be paid to their behavior. In such circumstances, according to the resource dependence theory [50] , the project stakeholders will be greatly restricted. e degree of power is measured by centrality, and the degree of restriction is measured by density [51, 52] . e greater the ego centrality, the stronger the influence, which means the autonomy of their behavior is higher. Similarly, the lower the degree of ego centrality, the smaller the influence, which means a higher dependence on others in the project. e greater the density of individuals, the closer they interact with other stakeholders and the more the restrictions they are subject to. Conversely, the smaller the individual density, the higher the autonomy of behavior. erefore, the next section mainly measures risk from the two dimensions: centrality and density, and proposes corresponding response strategies.
Risk Corresponding Strategies
Types of Strategies.
As shown in the above analysis, different stakeholders have different density and centrality, namely, different influences and restrictions. At the individual level, the greater the ego density, the greater the connection with others, but with greater constraints placed by others. Centrality mainly reflects the individual's influence in the network. Of the three kinds of centrality, degree centrality cannot exactly reflect the position of the stakeholder in the whole network as it only considers the local individual network and the direct relationship with an actor and ignores indirect connections with other agents. Betweenness centrality, on the contrary, is more accurate than closeness centrality in relation measurement. Because the closeness centrality will be affected by network connectivity, the accuracy of calculation for nonconnected networks is low. Moreover, people with high betweenness have the potential to control others by controlling and filtering the information flowing between them [53] . erefore, betweenness centrality is chosen to represent the influence of the stakeholders, with different response strategies for relational risks being obtained according to the two dimensions: ego density and betweenness centrality [7] .
Stakeholders can be divided into four types according to their respective ego density and centrality.
Higher Ego Density-Higher Betweenness Centrality.
Stakeholders with such network characteristics have a greater ability to control resources (higher betweenness) but are greatly constrained by others and have less autonomy (higher ego density). Mutual checks and balances between stakeholders restrict the resource advantages of stakeholders. At this point, stakeholder decision-making involves some risk because of the behavioral uncertainty of other stakeholders. In order to increase their comparative advantage and maximize resource utilization, such stakeholders need to find ways for reducing their individual network density.
Higher Ego Density-Lower Betweenness Centrality.
Stakeholders with these network characteristics have low freedom and weak resource control, with a higher risk of being pinned down by other stakeholders in the network. High density means they achieve common goals, mainly through frequent communication with others. At the same time, lower centrality forces them to rely on external key resource supply organizations. According to resource dependence theory, in order to increase their competitive advantage, they must establish a stable source of external resources. e choice to cooperate with stakeholders with a better ability will greatly improve their chances of obtaining resources and reducing risks.
In view of this kind of stakeholder group, this study suggests that we should cooperate with the appropriate subjects to improve influence in the network and reduce the constraints. In order to investigate whether the main network structure changes before and after cooperation, the matrix and social network model after cooperation are reconstructed, and the revised network indicators are calculated and compared with those before cooperation. e research assumes that the two subjects will share their status advantages after cooperation. For example, if X 1j and X 2j are the impact values of node 1 and node 2 on node j, respectively, then the impact values of node 1 and node 2 on node j after cooperation are X 12-j � max(X 1j , X 2j ).
Lower Ego Density-Higher Betweenness Centrality.
Stakeholders with such network characteristics have greater independence, have a greater ability to control resources, and are leaders of the whole network. Such organizations have an absolute advantage in the relational network, and their risk mainly comes from project property risk rather than relational risk. is should give full play to their own advantages and maintain the stability and effectiveness of the whole network. In addition, they may be concerned about potential threats to their core position posed by the excessive alignment of other stakeholders in the network.
Lower Ego Density-Lower Betweenness Centrality.
Stakeholders with such network characteristics have more freedom, less control over network resources, and less contact with other people. Such stakeholders occupy the edge of the network, participate less in the project, and have a correspondingly low risk.
As shown in Figure 2 , this case project involves two categories of stakeholders: higher ego density-lower betweenness centrality (located in the lower right corner in Figure 2 ) and lower ego density-higher betweenness centrality (located in the upper left corner in Figure 2 ). e construction agent unit and government belong to the latter and are in the dominant position, while other stakeholders belong to the former, in a relatively weak position.
Next, the paper discusses the network characteristics of the four main participants in this project (i.e., the government, construction agent, contractor, and supervisor) and the risk coping strategies involved. As the stakeholders in the lower right corner are in the same position, the nature of the relationship risks they may encounter is similar. erefore, the constructor and supervisor are selected as representatives.
Response by Stakeholder Type
Government and Construction Agent Unit.
e government and the construction agent unit have the highest betweenness centrality (19.815), and their individual network densities are 37.38% and 35.56%, respectively. Located in a high-centrality and low-density network, their ability to control resources and information is strong and the constraints from other stakeholders are minimal, making them project leaders in the network. e two sides have a similar status in the network, which means that they will restrict each other. In other words, they are the mutual source of uncertain relationship risk. e administrative function of the government is higher than that of the construction agent, but the project management ability of the agent is higher than that of the government. At the same time, they pursue different interests, where the government pays more attention to the social benefits of the project, while the agent pays more attention to the economic benefits-they interrestrict. e local governments also include customs, immigration, and the National Inspection and Quarantine Bureau, and therefore, the government plays an indispensable role in coordination and monitoring to ensure the smooth progress of the project. On the contrary, the agent is the actual person in charge of the project and has advantages of professional expertise. eir respective advantages can just make up for the shortcomings of both sides; that is, the government uses its own specific rights to coordinate the relationships between departments, while the agent units use their own professional skills to improve project performance. Good communication and coordination between them must be carried out to minimize their risks. Moreover, the two stakeholders are the core actors in this project, being the uncertain risk source of the whole relationship network and having a greater impact on other stakeholders and even the whole network.
Contractor.
e contractor has a comparatively high betweenness degree (3.148), ranked third, implying some capacity to control resources and information. Meanwhile, the individual network density ranks third from the end (55.36%). us, its individual network risk is medium. In consideration of the stakeholders who have direct contact with the contractor and have higher resources and information than contractors, the contractor should consider cooperating with the construction agent units to improve their own influence and reduce their governance risks. erefore, according to the principle of establishing the cooperation matrix mentioned in Section 5.1, the cooperation matrix of the contractor and the construction agent is constructed, and betweenness centrality and ego density are calculated. e corresponding measurements are shown in Table 4 . e centrality and density are 3.148 and 55.36, respectively, before coordination and 23.333 and 29.17, respectively, after coordination, indicating that the centrality of the contractor is greatly improved after collaboration and the individual network density is reduced. Furthermore, the contractors have higher independence with the increasing status of the network and ability to obtain resources and information. Clearly, after cooperating, the contractor's ability to control the resources has been strengthened, which reduces the risk of an uncertain relationship caused by an excessive dependence on others.
Supervisor.
e betweenness centrality of the supervisor is ranked fifth (0.741), indicating that the ability to control resource information is relatively weak, and its ego network density is 69.05%, which means that the supervisor's ego network is larger and more easily influenced and restricted by the other stakeholders. Dependence on others makes them passive. e risk of their relationship stems from the uncertainty of others' behavior. In order to reduce their own risk, they should consider how to reduce their dependence on others, minimize the influence of others on themselves, and improve their autonomy of behavior. According to the questionnaire survey, the contractor and the construction agent have more direct contact with the supervisor, and therefore, supervisors can choose to cooperate with one of them to improve their own centrality and reduce density to improve the status.
According to the principle of establishing the cooperation matrix mentioned in Section 5.1, the cooperation matrix of the supervisor and the construction agent and the cooperation matrix of the supervisor and the contractor are constructed. e corresponding measurements are shown in Table 5 . e supervisor, supervisor-contractor, and supervisor-construction agent unit have a value of 0.741, 3.426, and 21.481, respectively, for betweenness centrality and 69.05, 52.38, and 31.94, respectively, for ego network density, indicating that, clearly, the individual network density of the supervision is greatly reduced and its centrality degree is greatly improved after cooperating with the construction agent unit.
Discussion
Successful project completion requires the cooperation of all participants, and thus, their overall ability is more important Advances in Civil Engineering than that of individual participants [54] . When pursuing their own interests, it is important that all stakeholders also share resources and information to promote the completion of the project jointly, as the key to its success lies in the continuous cooperation between stakeholders [55] .
Core stakeholders usually control most of the resources and information in the network; they act as the glue that holds the parts of a system together, and weaknesses at these critical points can lead to disintegration [56] . For core stakeholders, their risk comes from property risk rather than relationship risk. However, they are the source of relationship risk for other stakeholders throughout the network. ey usually hold the vast majority of resources and information and have greater power. Other stakeholders need to rely on them for more resources and are even restricted by them. rough the above analysis, it is found that the government has an absolute advantage in the project, which is a significant issue in China, where megaprojects usually have considerable government involvement. us, many enterprises tend to work closely with local governments and other authorities, as China's media and government agencies mainly control the greatest amount of scarce resources [30] . At a later stage of the research, we returned to the project to further understand its progress and found that parts of the project had been shut down for about six months and the bidding, material procurement, and other works were making slow progress. As a result, the project was one year behind the original schedule, and overall construction cost increased significantly. is was partly due to temporary changes of the organizational structure during the progress of the project, where the responsibilities of the Bridge Office were changed from direct participation in construction to either pure supervision or pure coordination.
is resulted in many unclear jobs in terms of power and responsibility, directly affecting the Bridge Office and the construction agent units, while indirectly affecting the related work of the contractor and engineer.
Contractors, designers, supervisors, and others have a relatively weak status in the network compared with the core stakeholders, with a higher ego density and lower betweenness centrality, and therefore, they are more likely to be constrained by other stakeholders, are only weakly autonomous, and have access to only limited resources. eir relationship risk comes from the behavior of others. at is, the realization of their goals may depend on other stakeholders to provide resources; their project interests are affected by key stakeholders. According to resource dependence theory, enterprises should reduce their dependence on external organizations that provide critical resources and try to maintain a stable supply of external key resources. In this case, it is necessary for these stakeholders in the asymmetric relationship network to obtain common resources by cooperating with each other [57] . In particular, establishing joint relationships with key stakeholders in the network can help them control network resources more effectively (such as information, services, and materials), to improve their ability to cope with the pressure of the network structure [37, 58] .
Based on the SNA used in this study, it is found that when the stakeholders choose to cooperate with others, their own network status improves, the influence and resource acquisition ability increase, and the relationship risk reduces accordingly. Previous research also indicates that stakeholders will work collaboratively to obtain the necessary resources [59] , enhance their position, and modify institutional structures [60] . In this case, the participants (especially the government and construction agent unit) 10 Advances in Civil Engineering became aware of the existing problems after the project was postponed for a year and found an appropriate solution through communication and coordination and started to cooperate with each other to promote the smooth progress of the project. In addition, there are two points worth noting. Firstly, the risk management measures proposed in the study are mainly based on individual stakeholders, but from the perspective of overall project governance, we need to pay attention to the possible behavior alienation in the process of interagent cooperation. Secondly, the risk prevention measures proposed in this study are not applicable to each subject. For some marginal subjects, such as the financial institution, scientific institution, and public facility management department in this case, they participate in the project for a short time, in a shallow depth, and hardly directly participate in the project construction. erefore, for them, it is not necessary to improve their position in the network.
Conclusion
is paper analyzes individual stakeholders in the network of the Zhuhai Port project of the Hong Kong-Zhuhai-Macao Bridge and their mutual influences. It is found that each participant's behavior influences the others, and vice versa, increasing the risks to themselves, the others, and even the whole project. From a sociological point of view, different stakeholders should try to improve their centrality and reduce network density to reduce their risk by increasing their ability to access resources and enhance their influence and independence, mainly through choosing appropriate partners. In addition, the key stakeholders are particularly important, being at the core of the network and with great influence on the network structure and the other participants. ey are the therefore the commanders of the network, can control the critical information flow of the whole network, and are a key factor in maintaining the stability and effectiveness of the whole network, making them the main monitoring targets. e findings provide a number of practical implications and further demonstrate the importance of teamwork. For example, the contractors can improve their position in the project through the establishment of a good partnership with the construction unit. ey also can improve their prediction and decision-making abilities with better access to information and resources. Similarly, the supervisor's timely communication and cooperation with the construction agent unit can help improve the acquisition of the overall and carry out more effective supervision.
A limitation is the relatively one-sided concern of relational risk. More comprehensive studies are needed of the relationship risk and attribute risk. Individual attribute risk and network environment risk could be taken into account with the help of network theory while considering the interaction of stakeholders in the network. Moreover, a more comprehensive form of network risk management could be carried out according to the characteristics of two types of risks involved.
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